Background. Isolated limb infusion (ILI) has been associated with persistent edema, numbness, pain, and functional impairment of the treated limb. However, health-related quality of life (HRQOL) has not yet been assessed using a validated questionnaire. Methods. Functional Assessment of Cancer TherapyMelanoma (FACT-M) questionnaires were collected from subjects enrolled a phase I ILI trial with temozolomide at baseline and 2, 6 weeks, and 3 months post-ILI. Of 28 enrolled patients, 19 patients received maximum tolerated dose of temozolomide and are included in the HRQOL analysis. Clinical and operative variables and treatment response data also were collected. Results. HRQOL scores showed a trend of improvement from baseline through 3-months post-ILI as measured by FACT-M and the melanoma surgery scores. There were no differences in HRQOL when patients were stratified by disease burden, clinical toxicity level, and 3-month disease response. Additionally, fewer patients complained of pain, numbness, and swelling of the affected limb at 3 months post-ILI compared to baseline, and also these symptoms were improved at the immediate postoperative visit compared with baseline. Conclusions. Despite the known morbidity of ILI, we have demonstrated with a validated HRQOL questionnaire that HRQOL is not adversely impacted at therapeutic doses of temozolomide delivered intra-arterially from baseline through 3 months posttreatment. Patient centered-outcomes should be evaluated as a standard part of all future regional therapy trials using standardized melanoma-specific HRQOL questionnaires to more completely evaluate the utility of this type of treatment strategy.
In-transit extremity melanoma, defined as recurrent deposits of tumor in dermal and subcutaneous tissue between the primary site and regional lymph node basin, can be treated with isolated limb infusion (ILI) in which high-dose chemotherapy is infused into the affected limb via percutaneous catheters. The typical complete response rate is 31 % and partial response rate is 33 % using standard-of-care melphalan chemotherapy. 1 Although less invasive than hyperthermic isolated limb perfusion (HILP), ILI nonetheless carries substantial postprocedural morbidity, including pain, edema, erythema, numbness, and functional impairment of the treated limb. However, the impact of ILI on overall health-related quality of life (HRQOL) has not yet been evaluated using a validated questionnaire.
Melphalan is currently the standard-of-care chemotherapy used during ILI. Melphalan-based ILI leads to grade 1 clinical toxicities, such as limb swelling, erythema, pain, and hyperpigmentation, in nearly all patients; 18 % of those treated will experience grade 3 or greater clinical toxicity. 2 Patients undergoing ILI experience a multitude of issues that may affect HRQOL, including drug toxicities, problems related to the survey and infusion, and disease-related symptoms. Furthermore, the medical, psychological, social, financial, and existential stress of having advanced melanoma and undergoing ILI can be substantial. Personal HRQOL of people undergoing ILI needs to be understood in order to optimize this approach as a meaningful treatment for in-transit melanoma. This was the first study of the impact of ILI on HRQOL assessed using a validated HRQOL questionnaire as conducted as a part of a Phase I trial.
PATIENTS AND METHODS

Study and Patient Characteristics
Twenty-eight patients were enrolled in a phase I, dose escalation study of intra-arterial temozolomide during ILI. This trial was approved by the Duke University Internal Review Board. Temozolomide is a DNA-methylating agent that has recently been reformulated into an intravenous version. Early animal models of extremity melanoma demonstrated that temozolomide had greater efficacy as a regional agent than either systemic administration or regional melphalan therapy. 3 Eligible patients for this phase I trial had histologically proven primary or recurrent extremity melanoma (stage IIIB, IIIC, or resected stage IV by American Joint Commission on Cancer classification) distal to the site of planned tourniquet. 4 The first 25 patients had their melanoma progress despite prior ILI treatment, whereas the next 3 patients were naïve to regional treatment. Patients who had received prior regional treatment must have recovered from the relevant toxicity of that procedure. One patient each was enrolled at the first four dose levels (200, 400, 800, and 1,600 mg per m 2 of body surface area). Nineteen patients were enrolled at maximum tolerated dose level (MTD, 3,200 mg/m 2 ). Five patients were enrolled at greater than MTD (3,600 mg/m 2 ). Lesion measurements were taken at baseline and posttreatment clinic visits and visible disease was photodocumented. Response was determined at 3 months post-ILI based on RECIST criteria modified for cutaneous lesions. 2 Disease burden was measured before ILI, with high disease burden defined as having 10 or more lesions or any one lesion greater than 3 cm. Clinical toxicity was defined by common terminology for adverse events (CTCAE) criteria and was collected in the postoperative period as well as at every follow-up visit. 2 
ILI Procedure
ILIs were performed as previously described in the literature. 2, 5 Postoperatively, patients were admitted for a minimum of 3 days, as peak limb toxicity was expected at the first or second postoperative day. The limb was monitored for toxicity in the immediate postoperative period as well as at follow-up visits.
HRQOL Questionnaire
The Functional Assessment of Cancer Therapy-Melanoma (FACT-M) questionnaire is a 43-item, selfadministered questionnaire comprised of the FACT-G and a melanoma subscale (MS). 6, 7 The FACT-G is further divided in four subscales that address issues related to cancer diagnosis: physical well-being (PWB), social and family well-being (SWB), emotional well-being (EWB), and functional well-being (FWB). The MS addresses issues specific to a melanoma diagnosis, whereas an additional subscale addresses concerns following melanoma surgery subscale (MSS). Each of these subscales has been shown to have high levels of internal consistency (Cronbach's alpha 0.71-0.95) and high test-retest reliability (r 0.71-0.90). 7 We also have calculated the trial outcome index (TOI) subscale from the PWB, FWB, and MS components, as the TOI has been demonstrated to be the most reliable and sensitive indicator of HRQOL in versions of FACT for other cancers. 8 Patients completed the FACT-M and MSS questionnaires at four time points: baseline (immediately before ILI), 2 weeks post-ILI, 6 weeks post-ILI, and 3 months post-ILI. Changes of greater than 4-6 points in total FACT-M score are generally considered to represent meaningful differences. 
Treatment-Associated Symptoms
Pain, numbness, and swelling severity ratings were taken from items M1, M16, and M10, respectively, of the FACT-M questionnaire. Presence of each of these symptoms was rated from a score of 0 (not at all) to 4 (very much).
Statistical Analysis
Nineteen patients administered MTD of temozolomide (3,200 mg/m 2 ) were included in this patient-centered outcomes analysis. To descriptively compare the mean scores between subgroups, the 95 % confidence intervals around the mean were estimated and examined for overlap. Nonoverlapping confidence intervals may indicate meaningful differences between subgroups and should be corroborated with larger sample sizes. This was done at each time point for FACT-M, its subcomponent scores, and the melanoma surgery score, and as broken down by disease burden (high vs. low), clinical toxicity level (0/1 vs. 2), and response (progressive disease vs. complete response/partial response/ stable disease).
All statistical analyses were performed using R version 0.96.331 (Vienna, Austria). Significance for all statistical testing was set at p \ 0.05.
RESULTS
Patient and Procedure Characteristics
Nineteen patients received the MTD of temozolomide for ILI (3,200 mg/m 2 ) and were included in the HRQOL study. Of these, 8 were male and 11 were female, with a mean age of 69.6 years. Four ILIs were performed on the upper extremity and 15 on the lower extremity. Eight of the patients were stage IIIB and 11 were stage IIIC at time of ILI. Eleven patients had high disease burden, whereas eight patients had low burden. The majority of patients had a baseline ECOG score of 0 (13 patients), with 4 patients having an ECOG score of 1 and 2 patients with an ECOG score of 2. Sixteen patients had undergone previous ILI with melphalan. Thirteen patients had undergone previous lymph node dissection prior to the current ILI. Postprocedurally, median CPK was 582 (range 73-23,739), and occurred between postoperative days 0 to 2. CPK levels exceeded 1,000 during the immediate postoperative period in 6 patients and per protocol these patients were administered dexamethasone. No patients required fasciotomy or amputation in this cohort. Highest clinical toxicity level during the follow-up period was CTCAE grade 0 in 1 patient, grade 1 in 13 patients, and grade 2 in 5 patients (Table 1) .
In this MTD cohort, 2 patients had a complete response (10.5 %), 1 patient had a partial response (5.3 %), 4 patients had stable disease (21.1 %), and 12 patients had progressive disease (63.2 %) at the 3 month post-ILI visit.
Health-Related Quality of Life
Of the 19 patients included in the study over all 4 time points, there were 52 complete FACT-M surveys out of 76 possible. Nine patients had complete data from all visits, 14 patients had baseline surveys available, and 12 patients had 2 or more postprocedure assessments. There were three reasons for missing surveys: first, several patients who enrolled earlier in the trial who had taken their surveys on tablet computers had files that could not be retrieved. This represented 18 of the 24 data points missing. Second, 4 patients left the trial early due to disease progression, representing 5 data points lost. Finally, there was 1 survey from a baseline visit that was not mailed to our center from an external study site. Two of the 4 patients who left the trial early reported HRQOL scores below average at each visit before their departure.
FACT-M scores and its subcomponent scores (FACT-G, TOI, PWB, SWB, EWB, FWB, melanoma, and melanoma surgery scores), and melanoma surgery scores showed a trend of improving HRQOL (Fig. 1) . In addition, HRQOL between baseline and the immediate posttreatment visit did not decrease ( Fig. 1; Table 2 ). These patterns are consistent with our expectations, for example the MSS score improves as the patients convalesce, and HRQOL scores do not decrease posttreatment as patients are extensively counseled on the anticipated post-ILI morbidities. While these HRQOL trends were promising, the 95 % confidence intervals between time points overlapped, likely due to our small sample size.
Finally, exploration of patient and disease factors does not clearly demarcate groups by HRQOL. When high versus low disease burden groups were visualized over time as well as compared directly between the perioperative visits, there were no differences in HRQOL between groups as visualized by overlapping 95 % confidence intervals. Similarly, when divided into groups according to (Fig. 2) .
Symptoms
Treatment-site pain, swelling, and numbness showed a trend of improvement over time, with a greater percentage of patients reporting no or very little of each symptom at the immediate postoperative visit compared with baseline. There also was a trend of improvement through the 3-month visits with more patients reporting ''None'' or ''very little'' presence of each symptom, although swelling and numbness showed dips at 6 weeks with a greater percentage of patients reporting being at least ''somewhat'' symptomatic compared with the 2-week visit (Fig. 3) .
DISCUSSION
Numerous studies have examined quality of life in patients with distantly metastatic melanoma, but there is limited insight into the experience of those with locally advanced extremity melanoma. In contrast to patients with advanced metastatic melanoma, these patients often are able to maintain their usual routines and responsibilities. HRQOL in this population may be affected by frequent doctors' visits, anxiety about new lesions, treatment of new lesions by resection, radiation, or other therapies, the aesthetic appearance of scars, and concern about the future course of their disease, and the available treatment options. Patients who undergo regional chemotherapy for advanced extremity melanoma are further faced with another set of known complications that can affect HRQOL, most commonly pain, swelling, numbness, and functional impairment of the treated limb. How these factors impact HRQOL in patients with locally advanced extremity Higher scores indicate higher health-related quality of life SWB social and family well-being, EWB emotional well-being, PWB physical well-being, FWB functional well-being, MS melanoma subscale, MSS melanoma surgery subscale, FACT-G Functional Assessment of Cancer Therapy-General, TOI trial outcome index, FACT-M Functional Assessment of Cancer Therapy-Melanoma melanoma following treatment with regional chemotherapy has not been established with a validated questionnaire. Patient demographics, including disease burden, for our MTD cohort were similar to those reported elsewhere in the literature for melphalan-based ILI. 1 However, there were differences in clinical toxicity and response in the temozolomide cohort compared to previously described ILI procedures. In our MTD cohort for temozolomide, all patients had clinical toxicity grade 2 or lower, which is in contrast melphalan-based ILI in which 35 % of patients experience grade 3 or higher clinical toxicity. 1, 10 Furthermore, temozolomide was less efficacious than melphalan. Compared with an expected complete response rate with melphalan-based ILI of 30 %, patients in our temozolomide MTD cohort had a complete response rate only of 10.5 %. 11 This, however, is difficult to precisely interpret in light of the fact that the majority of patients treated with temozolomide had already failed a previous melphalan ILI.
HRQOL scores, which include FACT-M and its components as well as the MSS, demonstrated no statistically significant changes in score over time. However, we observed a trend of improving scores from baseline through 3 months. In contrast to our expectations, we failed to observe a transient decrease in HRQOL immediately posttreatment compared with baseline. Rather, scores were equal to baseline and, in fact, most subscale scores were slightly higher posttreatment than baseline.
The effect of increased HRQOL following treatment is consistent with theoretical frameworks of coping with cancer. According to Lazarus and Folkman, in the coping process, patients choose to employ either problem-focused coping in which they gather information and mobilize a plan to maintain control over their environment, or emotion-focused approach in which they attempt to regulate emotions linked to the stressor. 12, 13 The problem-focused approach is adaptive and associated with higher emotional states and may be the reason our patients experience increased HRQOL scores after treatment despite experiencing the known morbidities associated with ILI. 14 HRQOL also may be modulated by patients' expectation versus actual experience of posttreatment symptoms; our patients are preoperatively counseled to expect pain, numbness, and swelling after treatment, but actual patient complaints of pain, numbness, and swelling are equal to or lesser than baseline values at the 2-week post-ILI visit. Furthermore, there was no association of HRQOL with disease burden, clinical toxicity, or final response.
In a previous study examining HRQOL among patients treated with ILI, the authors reported increased symptoms of pain, numbness, edema, and stiffness immediately following treatment, with most adverse symptoms decreasing over time, although a portion of patients developed persistent pain and neuropathy. 15 Similarly, we also observed improvements in self-reported swelling and numbness after treatment over time. In contrast to the previous study, however, a greater proportion of patients experienced ''none'' or ''very little'' pain, numbness, and swelling immediately after treatment compared to baseline. We believe our findings are, again, consistent with literature on the psychological benefit of the decision-to-treat, as well as literature on patients' expectations of posttreatment symptoms modulating their actual experiences. The differences in findings between our study and the previous author's may be in part due to methodology; our quality of life assessments were conducted prospectively while the previous study was done retrospectively, relying on patient's and family members' recollections of pre-and postprocedure experiences. Although we did not have objective measurements of these symptoms (for example, limb volume measurements postoperatively or mapping of areas of numbness), our experience is that these physical symptoms are present in the vast majority of our patients, and that they do improve over time. The self-reported symptoms we measured in this study appear to track with our observations. Furthermore, we find it encouraging that our patients tend to rate their symptoms on the lower end of the severity scale. Finally, we observe that there does not seem to be an impact on overall HRQOL despite patient reports of symptoms.
Our study is limited in several ways. First, this HRQOL study was conducted as part of a clinical trial using temozolomide as the chemotherapeutic agent for ILI. Standard of care ILI for extremity of melanoma uses melphalan, an alkylating agent with a greater toxicity profile. We expect that melphalan-treated patients may experience a more prominent perioperative dip in HRQOL. In addition, melphalan appears to be more efficacious in treating in-transit melanoma, which may affect HRQOL scores when patients are surveyed at 3 months. Furthermore, we had a limited number of patients who were surveyed, with some drop-out at the later visits, and as a result this study was not powered to assess other clinical or treatment variables that may better predict HRQOL. Finally, the FACT-M questionnaire did not assess patient expectations about the ILI procedure, which would have helped us elucidate why HRQOL improved immediately posttreatment. It also does not address other comorbidities, health care utilization, or psychological factors that affect coping.
In summary, using a validated HRQOL measure, quality of life was not impacted by ILI for advanced extremity melanoma. Paradoxically, fewer patients complain of pain, numbness, and swelling immediately after treatment compared to baseline despite the side effects of surgery, and this is reflected in increased HRQOL scores. The psychological benefit of choosing to pursue treatment should be acknowledged in this population of patients. Furthermore, in addition to response and treatment expectations, HRQOL issues should be discussed preoperatively with patients. We recommend that HRQOL be assessed in all future regional therapy trials for melanoma.
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